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Abstract  
While student-driven research has been credited with many learning benefits, few schools of pharmacy require such activities. 
Professional organizations repeatedly urge for incorporating research content in schools’ curricula, yet no guiding principles or 
recommendations currently exist to guide such implementation efforts. This paper provides an overview of the critical issues, guiding 
principles, benefits and challenges encountered in designing and implementing a required, research program in the Pharm.D. 
curriculum. Several critical issues are reviewed: goals, unitary focus and expectations, structure and deliverables, time and curricular 
integration, monitoring and institutional oversight, outcomes measurement, resources, students and faculty response, and 
dissemination. These general critical issues are then discussed as implemented in the student research program at Touro College of 
Pharmacy-New York. Different schools can address these core issues, based on their academic milieu. This paper invites an inter-
institutional dialogue for the pursuit of successful incorporation of student scientific inquiry in the core curriculum. 
 
 
Introduction 
Student-driven research is credited with significant learning
1–
8
and professional 
9,10
 benefits. Professional organizations 
consistently encourage research content in school curricula. 
The reasons are two-fold: 1) as the pharmacy profession 
becomes more complex, research skills for pharmacists are 
becoming more important, especially in an increasingly 
competitive job market; 2) there is a critical need for 
pharmacy faculty with research skills to advance the 
scholarship agenda of  the profession
11,12
.The question that 
emerges is how to best prepare future pharmacy 
practitioners and the academic pharmacy workforce. 
Whether these two goals can be accomplished by the same 
approach or they require divergent solutions (e.g. dual 
degrees and special concentration tracks), may be the subject 
of a separate debate. Our focus here is strictly on ways to 
incorporate research skills into the regular Pharm.D. 
curriculum.  
 
The American College of Clinical Pharmacy (ACCP) Task Force 
on Research in the Professional Curriculum
6
,  argues the need 
for a research experience for all students, and makes 
recommendations for “essential curricular competencies and 
research content in Pharm.D. programs”. A recent Report of 
the American Association of Colleges of Pharmacy (AACP), the 
2011-2012 Argus Commission Report on “Cultivating  
habits of mind in the scholarly pharmacy clinician”
13
, 
emphasizes the need to nurture emerging scientists and to 
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cultivate a spirit of “inquisitiveness and scholarly thinking” 
among pharmacy students. The Report explicitly highlights 
the importance of requiring students to engage in research 
projects, and makes a strong call for further explorations of 
efficient curricular delivery models.  
 
Most of the current models to deliver research experiences 
consist of didactic courses in research methods, elective 
research courses, clerkships, and research seminars. For 
instance, research methods courses were required in 53% of 
Pharm.D. programs in 2006,  54% in 1997 and 50% in 1988 
7,8
. 
Such courses are crucial for building basic critical thinking 
skills and increasing research awareness, but there is no 
evidence that they achieve the goal of inculcating students 
with life-long research skills. To increase the research 
capability of the graduates, additional strategies to deliver 
research content are needed. The ACCP Task Force on 
Research in the Professional Curriculum
6
, lists summer 
programs and capstone experiences as useful models to 
deliver research content in the Pharm.D. curriculum, yet, no 
recommendations on their design and implementation are 
available.  
 
While examples of successful integration of large scale 
(school-wide) research programs into the Pharm.D. 
curriculum exist 
1,14–16
, they represent a striking minority. 
Surveys have shown that only 25% of schools require “some 
form of research”
7
 and published reports indicate that 
school-wide student research experiences are considerably 
uncommon. Debate on the value of required research still 
exists, and institutional or faculty belief that research should 
be restricted to electives or special tracks, may still be a 
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limiting factor. Additional barriers may include limited 
resources, faculty time and expertise, curricular time and 
logistic difficulties. Such barriers are sometimes perceived as 
insurmountable and have contributed in some cases  to the 
perception that research programs may be “impossible” 
7
. 
 
Moreover, in spite of a plethora of “calls to action”, there is 
little written guidance and inter-institutional dialogue on 
optimum strategies to develop, implement and deliver 
school-wide research experiences. Furthermore, not all 
pharmacy schools, implementing such programs publish their 
experiences. Innovation in education requires considerable 
time and resources. Without dynamic dissemination of 
various schools’ experiences and without an ever evolving 
body of guidelines, or frameworks to shape future endeavors, 
the implementation of evidence-based educational 
approaches will remain slow, if not illusory. While any 
program needs to be tailored to each institution (vision, 
culture, student and faculty characteristics vary) and a one-
size-fits-all-model is untenable and counterproductive, 
several critical issues and guiding principles may be useful to 
consider when designing and implementing a required 
student research program.  
 
In this paper, the focus is not on singular courses, such as 
biostatistics, journal clubs, specific laboratory research 
methods courses. It is also not on research electives.  Instead, 
the focus is on more immersive experiences, school-wide 
required student research programs. In line with the 
American College of Clinical Pharmacology Task Force on 
Research in the Professional Curriculum, the focus is on 
hypothesis-based research
6
.  
The literature on school-wide required student research 
programs between 1999 and 2012 was reviewed. PubMed 
was searched, using the terms “student research”, 
“capstone”, “scholarly concentration”,  “required 
curriculum”, “education”, “pharmacy education”,  “medical 
education”.  In addition, references from retrieved 
publication were searched to look for additional studies. Two 
authors (GDV, SSV) independently evaluated the studies for 
inclusion, and disagreements were resolved by discussion. 
Article selection was based on the following criteria: 1) 
experience taking place in a pharmacy or medical school in 
the U.S.; 2) student research required for graduation; 3) 
original research papers, professional organization reports, 
position statements, or viewpoints expressing pertinent 
experience and/or specific recommendations were included; 
4) publication between year 1999 and 2012).  The aim of this 
review was to extract general guiding principles and “lessons 
learned” from various academic experiences and to 
qualitatively recognize emerging themes and patterns.    
Medical education, with student research experience ranging 
from 5 to 40 and even 173 years 
3,5,17,18
,  has generated 
considerable published information and exchange of ideas in 
the medical community. The natural history and extensive 
analyses of such experiences proved rich in “lessons learned”. 
Pharmacy education, with experiences  ranging from 4 
years
16
, to 10 years
14,15
, and even more than 40 years
1
, has 
provided invaluable information about successful design and 
implementation of required student research programs. 
 
In addition, Touro College of Pharmacy recently designed and 
implemented a required research program. Building on this 
experience and lessons learned, as well as on the review of 
published papers and reports about research programs in 
pharmacy and medical education, several critical issues in the 
design and implementation of a required research program 
were identified. 
 
Aims.  The aims of this paper are: 1) to identify critical issues, 
guiding principles, benefits and challenges in the design and 
implementation emerging from the published literature of 
school-wide required student research programs; 2) to 
catalyze information dissemination and inter-institutional 
dialogue and collaboration between pharmacy schools 
implementing required student research in Pharm.D. 
curricula.   
 
Definitions.  For a long time, research has been part of 
biomedical education without a formal appellation. It has 
occurred under many names, such as scholarly 
concentrations, research concentrations, senior projects, 
capstone experiences, research experiences, research 
programs. The term capstone is used frequently and liberally 
in pharmacy education, and it is applied to a wide range of 
activities. While some capstone experiences may be 
“research”, not all research experiences are necessarily 
capstones. The use of capstone experiences in education in 
the United States originated from the need to provide 
curricular options for “ in-depth knowledge” to better 
prepare graduates for entering the workforce
19–22
. A capstone 
is defined as a  “culminating course or project that is 
discipline-based or interdisciplinary, which concludes during 
the final year of study”
23
. In a capstone activity, students have 
the opportunity to demonstrate mastery of skills and apply 
knowledge gained from previous course work to an academic 
experience meant to facilitate transition to the “real world”.  
The focus is on synthesis and integration rather than 
acquiring new knowledge and skills. Capstone experiences 
have been implemented in undergraduate and graduate 
education, including pharmacy, medical, nursing and public 
health education. Capstone experiences take many forms, 
including research projects, internships, summer camps, 
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interdisciplinary courses, arts-based performances, or 
comprehensive exams in lieu of a capstone. For the purpose 
of this paper, a research capstone program is defined as a 
required, structured curricular activity that immerses 
students into an in-depth scientific exploration of a specific 
area, beyond the conventional school curriculum
2,20,24,25
. Such 
a program implies employing the scientific method in a 
hands-on experience, which generates an academic product 
(e.g. thesis, poster, formal presentations).  
 
Critical Issue 1: A deliberate decision: To require or not to 
require 
 
"If we have our own why in life, we shall get along 
with almost any how"
26
. 
 
The first step in designing and implementing a program is the 
thoughtful, deliberate decision taken after weighing all 
options. The clear articulation of the motivation behind this 
decision will be instrumental in shaping all subsequent 
decisions, from design to implementation, faculty buy–in, 
outcomes assessment, and quality control.  
 
While the need to introduce “some” research content in a 
school’s curriculum is hardly debatable, reluctance, 
resistance, confusion or dispute may still exist about how to 
introduce such research. A required school-wide student 
research program is demanding in terms of resources, and 
full awareness of potential benefits and challenges is 
essential. While such programs have multiple potential 
educational benefits (short term and intermediate 
outcomes), the evidence that student research alone 
translates into improved patient care is still lacking
27
. Thus, 
the decision to require or not to require a research project for 
all students in a Pharm.D. curriculum, ultimately may rest on 
the institution’s mission, vision and beliefs about research. If 
the vision is that student research aims to train only those 
students aiming a research–oriented career, then elective 
coursework may be the optimum choice. This option would 
target students with a special interest in research, those with 
previous research experience and those already interested in 
pursuing residency training, fellowships, graduate degrees or 
an academic career. While the elective approach has certain 
benefits (highly motivated students and faculty, less burden 
on institutional resources, faculty, curricular time, logistics) it 
would result in only a portion of students producing scholarly 
output. Such an elective program or track may result in an 
unintentional two-tier system with potential negative 
perceptions among students
3
. Additionally, student 
enrollment in research electives is low, less than 10% in most 
institutions
7
. 
  
If the school’s vision is that the student-research experience 
aims to equip all students with the scientific methods skills to 
allow them to become team players in translating research to 
practice site, to have the inquiring mindset irrespective of 
their future workplace, and to prepare them to potentially 
engage in further research training, then a school-wide 
student research experience needs to be designed, in order 
to support such a mission.  However, it must be realistically 
acknowledged that a school-wide research program 
embedded in the core curriculum is unlikely to be sufficient 
to develop an independent researcher
1
. The required and the 
elective options have different goals. 
 
Required student research programs have multiple potential 
benefits and challenges (Table 1). Student research projects 
allow for the development of lifelong learning skills, such as 
resilience, self-confidence, self- efficacy, initiative, and 
creativity applicable to  any workplace
28
.Indeed, the 2012 
National Association of Colleges and Employers Survey 
suggest that the skills and qualities employers of new 
graduates are looking for are communication and ability to 
work in a team structure, decision-making, problem solving, 
information retrieval and analysis, planning and data 
analysis
29
.  Given that several reports estimate that the 
current trend in the pharmacy job market is moving toward a 
profession saturation
30,31
, skills conferring students with 
increased marketability are crucially important. This is a 
challenge charged to all pharmacy academic institutions to 
evolve our curricula.  
 
The literature to date suggests that participation in school 
research may stimulate interest in pursuing research–related 
and academic careers
2,32–35
, although data are not always 
easy to aggregate or compare due to the considerable 
variability between programs, student body, funding/stipend 
opportunities, areas of concentration, tracks or additional 
postgraduate degrees. It is interesting to note that in medical 
education earlier experiences with required student research 
revealed a low level of student support 
36
, while more recent 
reports show that  80-94 %
2
 consider that a research 
experience, if well conducted, should be a requirement for 
graduation. Similarly high perceptions among pharmacy 
students were recorded in more recent reports on research 
programs
15
. This is not surprising. The modern pharmacist is 
typically detail-oriented, increasingly involved in information 
retrieval, evidence-based-decision-making, and innovative 
problem solving. All  these are attributes of scientific inquiry 
and intellectual curiosity itself is a crucial driving force for 
professional development
37
. Additionally, current evidence 
suggests that research programs have beneficial effects on 
some intermediate outcomes, such as impact on career 
choices and academic advancement
38,39
.The experience of 
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some institutions suggests that required student research 
does not necessarily translate into a greater proportion of full 
time researchers, but it does translate to increased 
postgraduate research involvement
35
. 
 
A school-wide research program however, requires engaging 
institutional and faculty resources, it may be difficult to 
manage and may have several challenges, not always 
avoidable (Table 1). The decision to require or not to require 
such a program involves careful consideration of such factors 
and strong administrative and faculty commitment. 
Alternatively, an institution may opt for a step-wise 
approach: the research elective model may prove useful in 
pilot-testing the research program‘s suitability for their 
institution, and in allowing time to build and consolidate 
various elective courses before making the commitment to a 
full, school-wide research requirement. Several successful 
programs have shown that such an approach can be 
beneficial
3
. 
 
Critical Issue 2: Goals 
 
 “ Goals can help shape a program’s design, target 
faculty development initiatives and clarify 
performance expectations”
2
. 
 
Research programs offer the opportunity to apply, synthesize 
and integrate inter-disciplinary knowledge and skills acquired 
during previous course work, and to gain a deeper 
perspective in a specific area of interest. Culminating 
research experiences may also prepare the ground for the 
transition from student to health care professional status
1,20
. 
Clearly articulating the program’s goals is essential to its 
design and implementation and is instrumental in defining 
the success of a program
1,40
. The programs goals will translate 
into defining the focus, format, expectations of student 
output as well as program assessment. Various institutions 
set various goals to fit their mission and academic milieu. It is 
important to set realistic goals. A school-wide required 
research program is likely to achieve goals that are different 
than the goals set in an elective approach track. Required 
programs’ goals may not be to create a researcher or to 
launch a research career. Required programs usually tend to 
develop generic skills such as critical thinking, confidence in 
formulating a study question, and to provide some insight 
into designing a study to answer it, data collection and 
interpretation. Thus, the program’s goal may need to be 
broader, such as  to introduce the student to first hand 
research experience, with an opportunity to apply the 
scientific method to a field of interest, and to provide a frame 
of reference for future potential involvement in research 
projects
35
. Various programs explicitly describe their goals at 
various levels of depth, from an introduction to scholarship 
broadly defined to simply exposing students to a research 
experience or to a rigorous in–depth scholarly experience. 
Many programs articulate specific knowledge and skills to be 
gained (formulating a study question, critically apprising the 
literature, collecting and analyzing data, etc.)
1, 2,14
. Other 
programs specify additional skills such as improving problem 
solving and lifelong learning skills
1
. 
 
Setting the program’s goals require a balancing act, between 
time, motivation, resources available and offering students a 
glimpse into quality research. Expectations that are too high 
will impact student’s enthusiasm, whereas expectations that 
are too low will send the wrong message about scholarship 
and the scientific approach.  
 
Critical Issue 3: Unitary focus and expectations 
 
“A research project should focus on generating new 
knowledge” and should use the scientific method of 
analysis” 
1
.  
 
The next step is to decide how the program’s goals can be 
met and what should be the focus of the scholarship. The 
design questions in this phase are:1) what qualifies as 
“research” or “scholarship”?, and 2) what kind of outcomes 
and skills are expected from the students? These are 
important elements, as they will directly translate into 
logistics, implementation and program adherence issues: 
would “assisting in the lab”, creating a poster about 
promoting healthy eating behaviors, reviewing a few papers 
on a topic in a non-systematic way, or assisting other 
researchers with data entry be considered “research”? How 
will the vision on research and scholarship be translated into 
the expectations of individual research projects?  
 
Establishing a school-wide, unitary operational definition of 
what “research “ means, is  important for several reasons: 1) 
students rightly expect fairness in output expectations, 
especially in a required course, and expect consistency in 
assessment , 2) the robustness of the research program at 
school level will be negatively affected by inconsistencies. As 
some experiences have shown, without a unitary goal and 
without programmatic consistency, the program risks to run 
“erratic, as an unfunded mandate without an established 
curriculum” 
18
. Some programs in medical education, after 
experimenting for several years with less structured, multi- 
year longitudinal “exposure to research” that allowed 
students to select from a range of available electives to fulfill 
their research requirement, reverted to a more structured, 
goal-oriented program with a focus on hypothesis–driven 
research experience
40,41
. This experience suggests the need 
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for a more centralized curriculum. Not a centralized set of 
courses but rather a centralized focus, process and unitary 
expectations for the deliverables.  
 
Establishing a school-wide, unitary operational definition of 
what “research “ means, represents an important debate 
each school may need to entertain before reaching a 
decision. Traditionally, scholarship and research have been 
confined to the discovery of new knowledge in the form of 
basic sciences research and clinical research. The four types 
of scholarship defined by Boyer
25
(i.e. scholarship of discovery, 
application, teaching and integration) suggest a broader 
definition of research that would include a diversity of 
inquiries. Scholarship can include many fields, such as quality 
improvement research, health care systems policy 
implementations, health care services research, education, 
community participatory research, interdisciplinary, 
translational research, and public health research.  While the 
importance of research in such fields is beyond debate, 
discussion may still arise on how to measure the quality of 
such research and how to apply the Glassick criteria for 
research quality
42
.  
 
The institutional decision and consensus on what “research” 
means is furthermore important, given that there is an 
increasing concern for the broad range of interpretations and 
forms of scholarship conducted in schools and colleges of 
pharmacy nationwide, with a potentially alarming decrease in 
the “scholarship of discovery”
11
 and the type of research that 
advances knowledge 
25
. The ACCP Task Force on Research in 
the Professional Curriculum makes it clear in “The Essential 
Research Curriculum for Doctor of Pharmacy Degree 
Programs”  that the curricular competencies in research 
revolve around hypothesis-based research
6
.  
 
Some schools incorporate into their “scholarship 
concentrations” or “capstone experiences” options such as a 
community experience in a primary care clinic, international 
rotations
18
, journalistic, business, law, advocacy and art 
projects
5
,creating a  business plan, updating a policy or 
hospital protocol, distributing patient education materials
16
, 
internships or field experiences, service learning, portfolio 
development, community service,  and health fairs
43,44
. While 
such activities have the potential to nurture students’ abilities 
of critical thinking, creativity, innovation, analysis and 
synthesis, such options need to be carefully examined by 
each institution adopting such models. Do they fit the 
program’s goal? Are they amenable to the same level of 
expectations as traditional research projects? Are they 
perceived differently by students? For instance, allowing 
students to perform a critical review of medical literature as 
an option in a mandatory research program,  was perceived 
as a “second class citizen” compared to the hypothesis-driven 
inquiry option in the same institution, an opinion held by 
both students and faculty
18
.  
 
Critical Issue 4: Structure and deliverables 
The structure for required research typically includes a 
mentored research project with some institutions adding 
didactic components, such as courses in research methods, 
epidemiology, biostatistics, ethics, or other courses, 
depending on their core curriculum and the research 
program’s goals.  
 
Most research programs require individual work, although 
some programs allowed students to work in groups (2-5 
students) 
16
. Individual research projects can train the student 
in taking full responsibility for a project, but require more 
student advisers. Teamwork allows for more complex 
projects with a more efficient faculty to student ratio. The 
disadvantages are related to concerns about student’s 
perception of equal contribution to the project
15
. 
Additionally, if the research requirement is embedded in the 
rotations schedule, student group-work would impose 
additional logistical and scheduling challenges.   
 
The research deliverable takes different forms, commonly a 
paper/thesis on the research findings. Other formats include 
writing a research proposal or a publishable article. 
Additionally, most research programs organize a Student 
Research  Day 
16,18,40,45,46
. Students are required to present 
their work in poster format and in some instances as a 
podium presentation. The primary aim of this day is for 
students to practice public speaking skills
17,41
 and also to 
facilitate an exchange of ideas among students, alumni, site 
preceptors and researchers from external sites. Such events 
have the potential to foster further research collaboration, to 
strengthen the relationship between the school and external 
sites and to increase a school’s prestige.  
 
The structure and focus of the research projects require a 
unitary approach.  Similar to core courses, a research 
program requires a robust syllabus, clear objectives and 
assessment tools, class communication and interactivity, as 
well as consistent grading criteria. Unlike any other curricular 
activity, a research program requires the coordination of the 
entire student and faculty bodies to work harmoniously, with 
unitary academic expectations, in spite of various research 
topics, with various project-specific needs. This requires 
detailed planning and considerable faculty adherence to the 
program criteria. Equally important, while the goal and focus 
of the research program tend to have a higher stability, the 
delivery of the program (including format, sequence, 
administration) is subject to evolutionary change. For 
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instance, a research program in a medical education 
institution underwent at least 6 major curricular changes in 
40 years of existence 
41
. Such changes are needed in order to 
reflect changes in health care, practice and student needs.  
 
Critical Issue 5: Creating the curricular time and curricular 
integration 
 
“ Step back during any curricular revision process and 
evaluate whether time and flexibility have been 
incorporated into the programs for students to 
pursue interesting questions or engage in scholarly 
activities”
37
. 
 
One of the major challenges in implementing a required 
research program is creating the curricular time
37
, and the 
temporal competition with the core curriculum
41
. The single 
most efficient option available seems to be greater curricular 
integration
41
. Integrating multidisciplinary courses based on 
organ systems rather than on individual disciplines and/or 
eliminating curricular redundancy in conjunction with the 
optimization of the experiential education rotations schedule 
can create the curricular time needed for a research program. 
Depending on the program’s design, an additional option is 
freeing 1 day per week to allow students to take electives 
related to their research concentration/project
41
. Others 
promote the summer months  as a self-directed time in which 
students can concentrate on their scholarly work
5
. Additional 
solutions may be found in rescheduling or reorganizing 
electives, giving up select basic science classroom time, 
and/or compensating with more efficient use of the 
classroom time through blended and active learning 
41
. Such 
measures require the cooperation and support of the entire 
faculty. 
 
Aside from an ‘integrated curriculum’ to create the needed 
time, the research experience itself requires a seamless 
integration with the rest of the curriculum. Curricular changes 
may be needed to better support students in their approach 
to research experience. Such changes may require 
commitment to present research- related concepts not only 
in specialized courses such as epidemiology and biostatistics, 
but also in other courses, through robust longitudinal 
curricular integration.  
 
Didactic lectures, class discussions and activities, case-
presentations and bed-side clinical decision making 
discussion need to move away from offering “pre-digested 
and summarized” facts 
18
, and introduce and integrate more 
research-related concepts. This can be accomplished through 
creative use of problem-based and case-based learning, 
better interdisciplinary integration, focus on identifying gaps 
in knowledge and controversies, nurturing the habit of asking 
questions and the ability to recognize a research question in 
practice situations, along with the habit of maintaining a spirit 
of intellectual curiosity. An ideal integration requires the 
sense of innovation and discovery to permeate the entire 
didactic and experiential curriculum.  
 
The timing of the research experience is a critical component 
for its success. “When should a student start an intensive 
research experience?” is a question with no clear answer. 
Some schools opted for embedding research early in the 
curriculum, i.e.  first
18
 and/or second year
43 
of study, while 
others allocated a research time block during 
16
 or toward the 
end of the 3
rd
 year
14
. Other options include: multiyear, 
longitudinal exposure to research in a 5 year curriculum
41,46
. 
This approach requires a supportive research intensive 
institution with robust research resources. Another option is 
an intercalated curriculum,  a 9-12 months break from the 
core curriculum, with an “immersive” 3
rd
 year dedicated to 
intensive research and scholarship
40,41
. This option may 
necessitate an additional year in school if a research project is 
not completed in time
41
. Alternatively,  the research-
intercalated year may be amenable to conferring an 
additional certification or degree
3
.  
 
While starting early has several theoretical advantages (more 
research- dedicated time available, longer, more complex 
research projects possible, building longer adviser-student 
relationships), this approach has several practical 
disadvantages. Such disadvantages are most problematic in 
clinical research, which feeds on experience-driven study 
questions. As some schools’ experiences show, requiring 
students to engage in clinical research before sufficient clinic 
exposure was met by ambivalence and frustration by some 
students and prompted changes in the curricular design of 
the research experience
40,41
. Moving the research experience 
later in the school’s curriculum allowed reinforcing the 
concept that, clinical research is driven by practice and is 
meant to improve care. Students’ knowledge base prior to 
engaging in the research project, motivation for research and 
perceived relevance all influence the likelihood of a successful 
research project. 
 
Moreover, previous experiences have shown that while highly 
enthusiastic, only few students seem to have the confidence 
and the ability to choose and maintain a research area early 
in their training
27,41,40
. Other challenges include difficulties in 
resolving a poor faculty-student match, midway changes of 
interest and the challenge to manage multiple academic 
demands, especially during the didactic courses of the initial 
years.  
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Historically, some schools attempted to incorporate the basic 
research experience into basic sciences electives time
40
; 
however, the electives choice was haphazard and the 
students failed to focus their electives choices around a goal. 
The situation was remedied by replacing the electives option 
with structured multidisciplinary tracks. While appealing, 
such an approach is resource intensive.    
 
Additionally, and equally important, early introduction of 
required research in the curriculum leads invariably to 2-4 
concomitant student cohorts per faculty member, with a 
considerable increase in the faculty teaching load. While this 
approach may work for a research elective course or 
“individual study”, it is unlikely that it is a sustainable option 
for a school-wide required research experience even for 
research intensive academic centers. However, alternative 
and creative solutions may exist. For instance, a two-stage 
process may be used, in which students may be offered an 
research sampling menu at various research labs with various 
faculty during the initial school years, followed by a last year 
committed phase to work in a chosen research field. 
 
The time allocated for student research varies across 
institutions from 5 weeks
16
 to 10-12 months
14,18,40,41
  or multi-
year, longitudinal experiences ranging from2 years
45
 to 4 
years 
3,46
, with or without more intensive activities during 
summer time. The designers of a required research program 
need to consider reasonable expectations for all students. 
Time constraints represent but one reason for a formal 
approval of research projects at the beginning of the process 
to ensure that the research projects can be realistically 
accomplished in the allocated time. This reinforces the need 
for careful institutional centralized oversight of the research 
program.  
 
Critical Issue 6: Monitoring and Institutional Oversight  
 
“A system of careful oversight for the research 
program must be in place to ensure that each 
student has a valuable experience” 
41
.Tracking the 
progress of nearly 200 students at any one time 
poses a formidable administrative challenge”
45
. 
 
Since the research program is a required, graded activity, 
tracking student progress becomes vital. Additionally, the 
program needs to run consistent to its vision. Loss of 
adherence to an ongoing program has detrimental effects.  It 
affects the strength of the program, the ability to assess its 
success and it affects students and faculty morale. Similar to 
any rigorous operations, a school-wide research program 
requires a clear, standard operations manual and consistent 
adherence to it. Such adherence translates into consistent 
expectations at the student and faculty level, and 
furthermore, correlates with institutional scholarship  
benefits, success and prestige
41
. 
 
The first level of monitoring is accomplished by 
mentors/advisers. The second level of monitoring is provided 
by a program director(s), sometimes with additional oversight 
from an academic affairs office or similar staff.  To ensure 
that students receive mentoring from advisers with adequate 
research training, oftentimes  advisers (both internal and 
external) have to be approved, based on faculty member’s 
research productivity, mentorship abilities and access to 
research resources
3,41
. A program director (or equivalent) is 
often in charge of  approving the planned projects at their 
inception, for their acceptability and feasibility
41
, typically in 
the form of a research declaration of intent 
16
. An effective 
and concise form is the PICO model (population-intervention-
comparison-outcomes)
47–49
. For some research projects, the 
initial declaration of intent may need to be accompanied by 
an Institutional Review Board application.  
 
Some schools  employ additional interim checks, such as 
quarterly student and faculty reports, mandatory individual 
appointments or student completing self-reflecting 
assessments to be submitted to the mentors and also to 
program directors, academic affairs office or equivalent 
research administrative staff 
41,24
. Student progress is 
reviewed and interventions for students who have not met 
expectations are formulated
45
. Sometimes interim grades are 
employed to attest meeting appropriate milestones and 
actions are taken to ensure that students are able to 
remediate unsatisfactory interim grades
3
.  Sometimes, final, 
centralized approval of the final research product is in place, 
in addition to initial and interim approvals.   
 
Advisers also complete summative evaluations focusing on 
students’ communication skills, professionalism, initiative, 
commitment, and reliability. Excerpts of these narratives can 
be included in the student’s school performance evaluation 
(e.g. dean’s letter)
45
. Some schools employ student-mentor 
agreements
45
 or other formats akin to a behavioral contract. 
 
In order to manage this process, student research programs 
may have a course director, along with area heads if several 
tracks exist, and a full-time administrative course 
coordinator
45
. Some schools implement dedicated online 
management tools to perform student-adviser matching, to 
manage the online evaluation forms, and to perform queries 
to track the status of reports and  approvals
3
.  
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Research programs are considered “high-impact activities” 
but “only when they are implemented well and continually 
evaluated, will they realize their considerable potential” 
50
.  
 
Critical Issue 7: Measuring program outcomes 
 
“Complex educational interventions demand complex 
and appropriate evaluations”
51
. 
 
A required research experience is institutionally demanding in 
terms of faculty time and resources. Therefore, assessing 
whether such efforts translate into benefits and whether the 
program is meeting its educational goals, is critically 
important. Moreover, information gained from assessment 
needs to continuously drive the quality improvement efforts 
and can inform needed curricular changes in the years 
preceding the research experience
16,52
. 
 
Educational outcomes are traditionally conceptualized at four 
levels (Kirkpatrick’s model) 
53
: reaction (satisfaction with the 
educational program) , learning (knowledge, attitudes and 
skills gained), behavior (changes in job performance)  and 
results (the effects of the behavior, ultimately an improved 
patient health status).  Whether any research program can be 
accurately and completely evaluated by such a model may be 
subject to debate. The current evidence is weak in supporting 
the effect of educational programs on the behavior and 
results levels
52–56
, although difficulties in assessing such 
outcomes may play a role. While more innovative models 
need to be developed, a multipronged assessment  at the 
four levels (Table 2), has been used in evaluating research 
programs in medical education
2
.  
 
Immediate and short-term assessments typically rely on 
surveys to assess students’ perceptions of skills gained and 
satisfaction with the research experience. Surveys distributed 
at the end of the research experience  and/or prior to 
graduation are usually optional, although some may be 
mandatory 
41
. While they provide valuable information and 
are relatively easy to collect, such perception surveys have 
limitations (low response rates, response bias, socially 
desirable answers, Hawthorne effect). Additionally, 
perceptions and satisfaction ratings are only a surrogate and 
an indirect measure of learning and competency
54
. Direct 
measures are needed to assess attaining the educational 
objectives set at the inception of the program.  While some 
educational objectives are more amenable to quantification 
or assessment  (e.g. formulating a study question, critically 
apprising the literature, collecting and analyzing data, 
presentation skills, etc.), others (e.g. innovation, creativity, 
critical thinking, problem solving skills) may impose 
assessment challenges.  
 
The number of peer-reviewed publications during or 
immediately after concluding the research experience has 
been used as one potential measure of success. However, 
such a measure has limited applicability. Previous 
experiences show that pharmacy student research projects 
evolve into publications in a peer-reviewed journal at a low 
rate (5.3%), even when taking place in a research-intensive 
academic environment
14
. In medical education, while higher 
in some particular settings
55
, consistently high publication 
rates are difficult  to achieve even by students and trainees 
participating in 1-year research fellowships, such as the NIH 
Clinical Research Training Programs or the Doris Duke Clinical 
Research Fellowship
56,57
. Failure to meet a required 
publication expectation may lead to a sense a failure and 
would temper the satisfaction and the enthusiasm of the 
students
56
.   
 
Another measure is the student’s expressed interest in 
pursuing a research-oriented career, before and after such an 
experience.  In some highly successful academic centers, 
offering a 1-year research experience resulted in a 10% 
increase in the number of students who reported an interest 
in pursuing a research-related career
41
, consistent with other 
reports suggesting that an intensive research experience 
influences the intentions to pursue academic careers
38,39,58,59
. 
The actual career choice and the long-term impact of 
research experiences on student’s careers (academic or non-
academic) and on their professional performance is difficult 
to assess. The evidence seems to suggests that a rigorous 
research experience(time and intensity) taking place in a 
research-intensive environment  increases the likelihood of 
entering the academic and research workforce
38,39,45,60,61
. 
However, such an outcome, while desirable, may be 
unreasonable to expect in a required research program
1
 
embedded in regular curriculum. Surveys of the alumni have 
been used to obtain information on the actual choice of a 
career, but their costs are high, response rates are typically 
low and the results are threatened by considerable 
heterogeneity in their research program and various post-
graduation confounding factors
2
. However, surveys 
distributed longitudinally, at the end of the research 
experience, prior to graduation (at some institutions 
mandatory surveys)
41
 and serial post-graduation surveys of 
early career and midcareer alumni can provide useful 
information for strengthening the research program and for 
expanding its research network. Assessing the impact of 
research skills on professional performance in non-research 
settings, imposes considerable additional challenges
41
. 
Regardless of the type of outcome, deciding the optimum 
outcome measurements for any program needs to be well 
tailored to the goals and the design of the program.  
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Critical Issue 8: Resources  
 
“ In an era of limited resources, the added student 
and faculty workload associated with a required 
research project should be considered in tandem 
with the overall goals of the project” 
14
. 
 
Developing and maintaining a research experience in a 
resource-limited academic environment is a challenging 
task
41
, especially when it requires equal research resources 
opportunities to all students. Adequate resources are needed 
not only for research infrastructure, but also for 
administrative support and coordination and for creating 
attractive research opportunities outside the school. 
Additionally, adequate funding can provide student rewards 
and recognitions and faculty support, both of which have 
been shown to increase student research productivity
62
. For 
some institutions such demands for class sizes of 100 - 200 or 
more students, year after year, can make the delivery of such 
programs unsustainable or impossible
10
. Other, more 
research-intensive institutions are partially supporting 
student research through extramural funding mechanisms 
such as NIH (pre-doctoral training grants), local and national 
foundations
45
. Some institutions have intramural or 
extramural scholarships to aid financing the research 
year
41,45
. The challenges of designing an efficient research 
program capable of achieving its learning objectives may be 
one of the reasons why too few schools and colleges have 
implemented required research experiences in spite of 
numerous and repeated recommendations from various 
professional organizations. Creative solutions are needed to 
achieve the balance between quality research and learning 
outcomes and the resources. 
 
Critical Issue 9: Student and faculty response 
 
“I learned that I really do not enjoy research. I realize 
how much I like patient interaction rather than 
research” (Pharm. D. student)
63
. 
 
“What I learned out of this research capstone? Being 
inquisitive, being part of the solutions, don’t wait for 
someone else to solve issues that sometimes you 
may have answers for” (Pharm.D. Student)
63
. 
 
While research programs have multiple potential benefits, 
they may not be unanimously embraced by the students. For 
some students, a required research experience may prove 
career-opening, while for others it may be yet another 
academic exercise to be passed. Designing and implementing 
a required research experience requires the consideration of 
such possibilities and balancing the demands and 
expectations accordingly. Overall, the success of a research 
program depends on the students’ enthusiasm and 
investment in the research experience. Students’ learning 
styles differ
64
 and research requires complex and deep 
learning approaches, in addition to the usual academic 
success qualities. The demands of a curriculum requiring 
research may need to be clarified during the admission 
process. At the same time, students who have struggled 
academically in previous years may have a suboptimal 
research experience. Steps to ameliorate this problem need 
to be considered by the Academic Affairs office and student 
advising programs
41
. Additionally, an institution 
implementing a rigorous required research experience needs 
to consider that such a school-wide research program may 
have  an effect on student and faculty recruitment and 
retention
14,65
.  
 
The faculty body represents a critical element in the success 
of such research programs. The decision to implement a 
school-wide research program requires faculty commitment 
to mentoring and to stimulating students’ enthusiasm, 
interests and creativity. Additionally, faculty scholarly 
productivity acts as a role model for a student. Thus, such a 
decision will require an institution-wide culture of scholarship 
and may call for a paradigm shift for some faculty, requiring 
additional faculty development and training. Moreover, 
developing and maintaining a culture of scholarship requires, 
in turn, institutional support for a robust research 
infrastructure and support services
6
.  
 
Critical Issue 10: Dissemination of experience and the need 
for dialogue 
 
“ Professions exist to serve society”
9
. 
 
In an evidence-based era, medical and pharmaceutical 
research education requires a scientific approach in itself. 
Teaching research and implementing a school-wide research 
program need to be subject to the same scientific rigor in 
both development and assessment, as well as in the 
dissemination of the results to the larger academic 
community. A successful research program needs to be 
innovative and designed on available evidence, it needs to be 
conducted rigorously and its outcomes need to be 
systematically assessed. This requires cooperation and 
exchange of information. Not only do very few schools and 
colleges of pharmacy implement research in their required 
curricula, but even fewer take it to a school-wide level, and 
fewer yet publish their results in a pharmacy education 
journal. As medical education has shown, successful student 
research programs evolve and have their own institutional 
natural history
18,40,41
. Learning from past challenges and 
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successes, and inter-institutional collaborations, are essential 
in maintaining progressive and successful research programs. 
In order to be of practical use, the results of various schools’ 
experiences need to be easily accessible by those who need 
them most, i.e. other schools. Schools and colleges of 
pharmacy have to recognize the need for knowledge transfer 
and to disseminate their student research experiences and 
engage in a vibrant, constructive nationwide dialogue.  
 
Experience at Touro College of Pharmacy, New York 
A required student research program was designed and 
recently implemented as a capstone experience. The detailed 
design, assessment and results of the program have been 
reported elsewhere
66
. This student research experience was 
both successful and rich in lessons learned, which further 
shaped the views of the importance of the critical issues 
identified above. The underlying vision for the student 
research program was that scientific inquiry is an essential 
part of pharmacy education, valuable for both research- and 
non-research based careers. The goal was to develop an 
experience to encourage students to play an active role and 
to nurture their spirit of inquiry, to allow them to bring in 
their enthusiasm and to find a fertile ground for creativity 
and innovation. It was determined that the following criteria 
would need to be met in the program’s design: 1) 
hypothesis–driven research; 2) accommodating a wide 
variety of disciplines and areas of interest; from basic 
sciences to clinical research and public health; 3) amenable to 
consistency in grading across all disciplines, since all students 
needed to be subjected to the same level of expectations; 
and 4) cost-effective and offering equal research 
opportunities to all students in a resource-limited 
environment.  
 
Accomplishing these goals in a very new school of pharmacy, 
with its inaugural class, in an academic environment without 
a well-established research tradition imposed a considerable 
challenge. It was decided that these goals would be optimally 
achieved by a research proposal format, mirroring a 
competitive grant proposal, with data collection as an option. 
Given the potential challenges involving quality data 
collection by all students, we considered that accepting 
incomplete or inadequate data would be a disservice to the 
spirit and vision of the research experience, an unacceptable 
compromise to make, which would send the wrong message 
about what research is about. An additional deciding factor 
against the data collection requirement, especially for 
patient-oriented research, was the potential for delays and 
hurdles in obtaining Institutional Review Board approval, for 
a multitude of students at multiple sites. Thus, we decided 
that a well-written research proposal would be an optimal, 
cost-effective solution, offering maximal learning benefit with 
minimal resource investment, while preserving a consistent 
grading system for students across all disciplines. 
 
In terms of curricular time, the research experience was 
embedded in the fourth (terminal) year, concomitant with 
the clinical rotations. This curricular placement was facilitated 
by the structure of our curriculum (2 years of didactic work 
plus 2 years of experiential education). However, after the 
first run, we moved the research experience to the third year. 
The reason were two-fold:  1) decongesting the terminal year 
with its multiple demands (e.g. NAPLEX preparation, 
advanced clinical rotations, residency preparation); 2) 
allowing more time for students who finish their research 
proposal in the 3
rd
 year to optionally continue their line of 
research in the fourth year.  
 
In order to ensure consistency, a 35-page Standard 
Operations Manual was developed to include the entire 
process flow, procedural details, expectations and 
assessment rubrics. Interim monthly student evaluations and 
end- of year student and faculty feedback were collected. 
Overall, the first offering of the research experience was very 
successful, mainly due to its efficient design, the enthusiasm 
of the students and the support of the majority of the faculty 
body.  
 
Suggestions for Future Research and for Inter- institutional 
Dialogue 
Responding to the calls for implementing more research in 
the pharmacy education curricula will continue to face 
increasing challenges. These challenges arise from increasing 
accreditation pressures on pharmacy education and from 
increasing complexities of the research. Each institution will 
need to identify creative solutions to a variety of challenges. 
The pharmacy education community is faced with intriguing 
questions and potential areas of future educational research: 
 
 Which theoretical models (such as the social 
cognitive career theory or other theories) could be 
explored to further understand how research 
programs work and to identify programmatic success 
factors? 
 Which design options are associated with higher 
productivity? For instance, how does an intercalated 
research curriculum compare to a longitudinal 
experience? 
 How do various design options affect efficiency and 
resource use?   
 What is the optimum time necessary to produce a 
meaningful research output? 
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Other challenges for dialogue and investigation include 
identifying: 
 
 creative solutions to better integrate research 
concepts and skills throughout the core curriculum. 
 innovative funding mechanisms for student 
research, faculty time and administrative support. 
 cost-effective mechanisms to track the outcomes of 
research programs post-graduation. 
 accurate and efficient means to measure 
programmatic success and student’s learning 
benefits in areas such as creativity and critical 
thinking   
 collaborative models for student research, inter-
professional education and inter-institutional 
collaborative models 
In solving such challenges, pharmacy schools need to engage 
in a national dialogue and to work collaboratively. Potential 
ways to establish such a dialogue may involve a variety of 
approaches: 
 
 a nationwide Student Research Programs 
Collaborative to facilitate exchange of ideas in 
various formats (e.g. colloquia, virtual forums, 
conferences). 
 nationwide or regional academic networks of inter-
university collaborations to allow students to 
perform research at any other participating 
institution as part of their home school research 
requirement. 
 increased student research awards and conference 
participation by students. 
 a thematic issue in pharmacy education journals 
dedicated to student research programs. 
Conclusion 
Incorporation of student research programs in the Pharm.D. 
curriculum is a very challenging task. Our experience has 
identified several critical issues that need to be addressed in 
the design and implementation of a required research 
program. Different institutions will prioritize these issues 
based on their vision and their academic milieu. There is a 
need for inter-institutional dialogue for the pursuit of 
successful incorporation of student scientific inquiry in the 
core curriculum. 
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Table 1. Benefits and challenges of a required research program 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Required student research experience 
Potential benefits Potential challenges 
 Problem –based learning activity  
 Information retrieval and analysis skills 
 Critical thinking and creativity 
 Decision-making and problem solving skills 
 Organization and planning skills   
 Leadership skills 
 Lifelong learning skills 
 Boosts an investigative state of mind and the 
confidence to probe deeper into solving clinical 
/practice-based questions 
 Expands the areas of interest of the students 
and increase confidence in approaching non-
traditional aspects of the profession ( e.g. 
public health, prevention, health policy) 
 Awareness about career options 
 Potentially  increase marketability 
 Potentially increase likelihood for matching  for 
residency programs 
 Potentially prepare  for research-and non-
research -based careers  
 
 Student work overload  
 Faculty teaching overload 
 Lack of  valid outcome measurement, lack of 
definition of long-term “success”  
 Resources allocation for administering the 
research program 
 Curricular time pressure 
 Advisors training  
 Institutional paradigm shift 
 Faculty development needs 
 Unmotivated students may have problems, may 
affect their enthusiasm and the adviser’s 
enthusiasm  
 Authorship  
 Not sufficient to prepare a well- rounded 
independent researcher 
Idea Paper EDUCATION 
 
http://z.umn.edu/INNOVATIONS                      2013, Vol. 4, No. 4, Article 131                          INNOVATIONS in pharmacy   15 
 
 
Table 2. Outcome measures for student research programs
1 
 
Program outcome measure Caveats and challenges 
Short –term   
Reactions: Satisfaction 
 Perceptions Surveys- students, faculty  
 
 Subject to response bias 
 Surrogate measure of impact 
Learning 
 Career interests and attitudes change 
- Perceptions Surveys 
 Research knowledge and skills 
- Evaluation of knowledge and skills  
- Surveys of perceived confidence in skills 
- Surveys at the end of the research experience prior to 
graduation (mandatory or optional) 
 
 Subject to response bias 
 Surrogate measure of impact 
Long-term  
Behavior 
 Scholarship related to the research experience  
 Scholarship as a consequence of the research experience 
 Tracking the number of peer-reviewed publications, invited 
presentations, abstracts, awards  
 Post-graduation surveys of the alumni  
 Surveys of employers on research attitudes, skills and 
productivity 
 
 May not capture the full impact  
 May be subject to other, less 
quantifiable factors 
Results: Career tracking, Career choices, and Career success     
 Securing  residency placements, academic research positions,  
 Grants funded 
 Surveys of early and midcareer alumni on actual choice of a 
research–oriented career 
 
 Longitudinal studies are costly 
 Response rates are low  
 Subject to various post-
graduation confounding factors 
1-
based on the Kirkpatrick’s model
53
 and adapted to a student research program  
 
 
 
 
Table 3.  Critical issues in the design and implementation of school-wide required research programs 
 
Critical issue 
1. A deliberate decision: To require or not to require 
2. Goals  
3. Unitary focus and expectations.  
4. Structure and deliverables   
5. Creating the curricular time and curricular integration 
6. Monitoring and Institutional Oversight  
7. Measuring program outcomes 
8. Resources  
9. Student and Faculty Response  
10. Dissemination of experience and the need for dialogue 
 
 
